Many men with indolent prostate cancer often opt for radical prostatectomy or radiotherapy treatment for their disease. These men may experience considerable detriments of quality of life owing to sexual, urinary, and/or rectal toxic effects associated with these treatments. Without a better understanding of the mutable agents and predictors of treatment types, diffusion of expectant management among these men will be slow.
surgery vs watchful waiting with respect to prostate cancerspecific mortality, seems to be limited to men younger than 65 years and in those with intermediate-risk prostate cancer. 9 Prior studies have suggested patient, clinician, and socioeconomic factors contributing to overtreatment of low-risk disease. [10] [11] [12] [13] Given these factors, patients must often consider the recommendations of their physician, the aggressiveness of their cancer, and whether active surveillance is preferred over definitive treatment and the pursuant morbidity (mainly urinary, bowel, and sexual dysfunction) and health care costs. 14, 15 The fact that patients continue to pursue treatment for indolent disease underscores the importance of a physicians' recommendation in this complex decision-making process. 14 Barriers to active surveillance use have included concerns about long-term disease outcomes, the perception that most men will ultimately undergo treatment, and concerns about the quality of life of men who elect active surveillance. 8, 16 In addition, recent studies have suggested that increased self-referral and non-tumor biology-related factors might contribute substantially to physicians' treatment recommendations. 13, 14 The purpose of our population-based study was to identify determinants for use of watchful waiting or active surveillance (WW-AS) among men with indolent prostate cancer, as well as various treatments in a contemporary cohort of elderly Americans.
Methods

Data Source
We used linked Surveillance, Epidemiology, and End Results (SEER)-Medicare data from the National Cancer Institute, which contains claims records on individuals 65 years or older. We restricted our analysis to patients with prostate cancer diagnosed from 2004 through 2007 and followed until December 31, 2009 . Because complete PSA level, clinical stage, and biopsy grade information was not made available in SEER until 2004, we excluded patients prior to this date to derive our cohort. SEER data are summarized in the Patient Entitlement and Diagnosis Summary File (PEDSF) (http://appliedresearch.cancer .gov/seermedicare/aboutdata/PEDSF.pdf ); the database contains information on patient demographics, tumor characteristics, and follow-up information. Race/ethnicity was reported in the study and defined by SEER to capture demographics and observe any disparities. The PEDSF was linked with 100% of Medicare claims from inpatient, outpatient, and national claims history files, and was restricted to patients who had Medicare Fee-for-Service coverage, and for whom Medicare Parts A and B claims data were available 12 months prior to and 24 months after diagnosis of prostate cancer. 17 Using the Medicare Provider Analysis and Review, outpatient, and carrier files, we were able to identify and subsequently categorize treatment type into WW-AS, cryotherapy, radiation therapy, radical prostatectomy, and androgen-deprivation therapy (ADT).
Study Cohort
We identified 45 408 men from SEER-Medicare linked data diagnosed as having prostate cancer between 2004 and 2007 with follow-up of Medicare services through 2009. We excluded men for the following reasons: the diagnosis was obtained from a death certificate or autopsy; this was not the first and only malignant neoplasm; prostate cancer was not pathologically confirmed; the patient was enrolled in Medicare for end-stage renal disease or disability; the date of diagnosis in SEER differed from that in Medicare by more than 3 months; the patient was younger than 65 years at diagnosis; the month of diagnosis was invalid; the patient had concurrent health maintenance organization coverage and/or was not enrolled in Medicare Part A and B throughout the study period; information was lacking from 1 year prior to and 2 years after diagnosis; the initial diagnostic biopsy for prostate cancer was lacking; the Gleason grade, PSA level, and clinical stage were unknown; and socioeconomic and comorbidity data were unknown. The final cohort consisted of 37 621 men. 
Study Variables
Outcomes
The aim of our study was to examine the use of various treatment options and identify patient-and clinician-level variables to drive treatment type. Treatment options were categorized into WW-AS surveillance (no definitive treatment within 2 years of diagnosis), cryotherapy, radiation therapy (brachytherapy, intense modulated radiation therapy, and external beam radiation therapy), radical prostatectomy, and ADT. To examine the factors that drive the decision to pursue popular treatment options, we limited our multilevel analysis to those who underwent WW-AS, radiation therapy, or radical prostatectomy. Patients who received combination treatments were classified according to primary treatment modality received. Because the long-term benefits of varying treatment options are attributable to tumor risk and the overall health of the patient, we quantified the proportion of the variance that was attributable to patient demographics, tumor characteristics, region, and year, as well as consultation with other specialists.
Statistical Analysis
We first compared patient demographics and tumor characteristics with treatments-WW-AS, cryotherapy, radiation therapy, radical prostatectomy, and ADT-using χ 2 analyses and Fisher exact test. Since receipt of health care services may be clustered on the treating physician, we generated mixedeffects logistic regression models to account for both fixed and random effects associated with treatment type. Each model included patient age, race/ethnicity, marital status, Charlson comorbidity score, education, household income, region, area of residence, clinical stage, Gleason grade, PSA level, D'Amico tumor risk, and consultation with subspecialists as fixed terms, while each UPIN was appended to the random effects part of the mixed-effects model. Estimates in the multivariate mixedeffects model are reported as odds ratios (ORs) with corresponding 95% confidence intervals. Partitioning of variance was conducted using the following equation: (σ 20 Groups of patient-and clinician-level variables were included as fixed effects for each treatment type. We stratified these groups as the following: (1) sociodemographic (age, race/ethnicity, marital status, socioeconomic status, comorbidities), (2) tumor risk (clinical stage, PSA level, and Gleason grade), (3) region and year (SEER region, area of residence, and year of diagnosis), and (4) consultation with other specialists (medical oncology and radiation oncology). Clinician-attributable residual intraclass correlation coefficient (ICC)-representing unexplained clinician-level variance-was estimated from the full model of each outcome measure. Unexplained surgeon factors were derived from the intraclass correlation coefficient of the unconditional or null model of each treatment. Unexplained patient factors were derived from the residual variance. Assessment of goodness of fit was determined by a likelihood-ratio test that compares the mixedeffects logistic model with standard (marginal) logistic regression. Because the likelihood-ratio test comparing the model to ordinary logistic regression is significant for all 3 treatment types (WW-AS, prostatectomy, and radiotherapy), we chose to use the mixed-effects logistic regression model. All analyses were performed using SAS statistical software (version 9.2; SAS Inc) and STATA software (version 11.1; StataCorp LP). All statistical tests were 2-tailed, and the probability of a type I error was set at P < .05. The institutional review board at the University of California, Los Angeles, exempted our study protocol.
Results
The plurality of the cohort was 70 to 74 years of age, white, married, without any comorbid conditions, and diagnosed in a metropolitan environment in the western United States ( Table 1) . The tumors of most men were stage T1, with PSA levels of 4.1 to 9.9 ng/mL, Gleason grade 6 or lower, and D'Amico intermediate risk disease.
We performed a bivariate analysis comparing varying treatment options according to the tumor biological characteristics as shown in Table 2 . While the effect size in differences in outcomes varied, statistical significance was maintained across all metrics. Greater frequency of undergoing radiotherapy was significantly maintained regardless of associated tumor risk categories when compared with other treatment options. The most common treatment type is radiation therapy (57.9% [95% CI, 57.4%-58.4%]), followed by radical prostatectomy (19 We then examined the association between patient demographics, tumor characteristics, and regional factors with treatment type ( To determine the source in variation of treatment type, we quantified the relative contribution of patient demographics, tumor characteristics, and referral patterns in our cohort ( Figure) . Only a small proportion of variation of treatment type is attributed to tumor characteristic, region, and year. The variation in the decision to pursue radical prostatectomy is significantly affected by patient demographics (40%), referral to other specialists (24%), and unexplained surgeon factors (23%). The variation in the decision to pursue radiotherapy is significantly affected by referral to other specialists (44%), as well as unexplained surgeon (20%) and patient factors (30%). The variation in the decision to pursue WW-AS is significantly affected by unexplained patient factors (58%) with less variation attributed to other consultants (14%), unexplained surgeon factors (12%), and patient demographics (12%).
Discussion
Our study has several important findings. First, irrespective of prostate cancer risk stratification, most low-risk patients are being treated with radiotherapy. This is striking, given that our study was limited to men 65 years or older, who are at greater risk for death owing to competing risks. Furthermore, it has been previously demonstrated that aside from age, there is overuse of treatments in men with low-risk disease and clinically significant comorbidities. 21 Our finding that increased use of radiotherapy among patients with indolent disease portends to a collaborative need for increased dissemination of prostate cancer treatment guidelines among our radiation oncology colleagues. In fact, the National Institutes of Health Consensus Conference emphasized the importance of further research into determinants associated with the offer and acceptance of active surveillance. 22 Potential reasons for decreased acceptance of active surveillance by radiation oncologists may not necessarily include lack of knowledge but rather increased clinician anxiety owing to potentially underdiagnosed cancer from prostate biopsy pathologic findings, the perception that most men will ultimately undergo treatment, and concerns regarding the quality of life of men who elect active surveillance. 8, 23, 24 Recent data from Sweden suggest the feasibility of dissociating prostate cancer diagnosis and treatment as an modality to increase acceptance of active surveillance; however, there remains a critical need to discern ways to increase adherence and acceptance of active surveillance in low-risk prostate cancer. 13 While we were unable to identify tumor biological factors as determinants for patients undergoing radiotherapy, prior studies have suggested that self-referral patterns may lead to increased use and costs of medical care. 25, 26 Furthermore, consultation with radiation oncologists and regional variation have a significant impact on use of radiotherapy treatment options. 27 The magnitude of use of radiotherapy treatment options is significantly increased with integration of urology and radiation oncology practices into prostate cancer center groups. 27 In addition, companies that sell turnkey intensity-modulated radiation treatment (IMRT) programs to urology practices market the potential for increased IMRT revenue to replace lost earnings from ADT, for which reimbursement decreased sharply as part of the 2003 Medicare Modernization Act. 27, 28 Further research into ongoing patient and clinician factors determining treatment decisions are needed to limit costs and overtreatment. Second, we found that greater frequency of radical prostatectomy was predominantly owing to patient-and tumorrelated factors. These findings corroborate prior findings-that surgery is less likely to be offered to patients with increased comorbidities or in the setting of high-risk disease. 29 However, many of these patients are offered radiotherapy, which may not be most appropriate, especially in the setting of low-risk disease and clinically significant comorbidities. 29, 30 Jacobs et al 31 recently identified overall treatment rates for low-risk disease to remain relatively stable; however, use of advanced treatment technologies, including IMRT and robotic surgery, have increased. In addition, rates of other forms of radiotherapy and open surgery decreased, suggesting that this newer technology has been rapidly adopted prior to demonstrating superiority to prior treatments. 31 Further comparative effectiveness research separating the diagnosis and treatment of prostate cancer is needed to limit overtreatment of low-risk disease. 13, 21 Finally, although greater frequency of WW-AS was inversely associated with prostate cancer risk, the differences were not as strikingly different. Unexplained patient and clinician factors accounted for greater than 70% of the variance in use of WW-AS. Prior data have shown that overtreatment of low-risk disease and undertreatment of high-risk disease are not explained by "measurable factors." 29 While age, marital status, and education level have been associated with selection of active surveillance, the current study suggests that this accounts for only 11% of the explanation. 13 Further comparative effectiveness research is needed to help guide evidence-based decision-making pathways. While our findings are policy relevant, they must be interpreted in the context of the study design. First, SEER-Medicare is limited to men 65 years or older, and our results may not be generalizable to younger men diagnosed as having prostate cancer. Second, we were unable to identify patient-based determinants for treatments and further research into factors which drive decision-making processes that are needed. Third, while we attempted to identify predictors for undergoing WW-AS, there are undetermined patient and clinician factors that need to be discerned. Fourth, SEER-Medicare lacks the percentage of prostate cores involved with cancer and/or any specific information regarding the greatest percentage of core involved that has been previously demonstrated to increase upgrading on final pathologic findings at radical prostatectomy. 23, 24 Therefore, it is unclear whether some of the radiotherapy offered to men with low-risk disease may have been driven by these other important clinical factors, bringing into question the degree to which radiotherapy was overused and WW-AS underused. derestimating the risk group may be more likely, and the potential for underdiagnosing clinically significant prostate cancer should be considered. Fifth, neither SEER nor Medicare explicitly identify those men who are being treated with WW-AS. We imputed this treatment category based on the lack of any treatment over a 2-year period. However, those who have no Medicare-paid treatment claims may not be undergoing WW-AS. It is also entirely possible that these patients refused or were not offered treatment, were lost to follow-up, or were treated but care was paid for by another insurer. While the definition of WW-AS may not be always correct, our utilization of a 2-year window is considerably more exclusive than other studies that may have limited to a shorter treatment window. Finally, the intensity of screening has a considerable impact on the likelihood of finding cancers that are low risk and suitable for active surveillance. At present, we cannot be certain of how intensely patients were screened and whether patients diagnosed were at higher risk. It has been previously demonstrated that when compared with younger patients (<75 years), older patients are sometimes less likely to be screened and actually at greater risk of aggressive disease and death when diagnosed. 33 
Conclusions
There remains an increased use of treatments in men diagnosed as having prostate cancer and underuse of active surveillance in men with low-risk disease. There is an increased use of radiotherapy among all risk groups and in particular patients with indolent disease with limited correlation according to tumor biological characteristics and patient health. Further research into identifying determinants that drive decision-making recommendations for patients diagnosed with low-risk prostate cancer are needed. These findings must be balanced when considering health care reform initiatives to improve quality of care. Only a small proportion of variation of treatment type is attributed to tumor characteristic, region, and year. The variation in the decision to pursue radical prostatectomy is significantly affected by patient demographics (40%), referral to other specialists (24%), and unexplained surgeon factors (23%). The variation in the decision to pursue radiotherapy is significantly affected by referral to other specialists (44%), as well as unexplained surgeon (20%) and patient factors (30%). The variation in the decision to pursue watchful waiting or active surveillance (WW-AS) is significantly affected by unexplained patient factors (58%).
